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SuMMAqY

Static teats mre made an two full-scale three-blxled
Pq:~ers dlffefing only In blade sections, at blafie.mgles
from (3°to 20° at the three-quarters raflius. ihe tests were
mzde out-doors under ccndltlons of low wind velocity.

. . The data axe analyzed on the basis of a s’taticthrust
fIgure of mrit, and by Driggs‘ Sbplified Propeller Calculations,
which Is a si.ngle-pointrmthod of rocucing propeller data to
alrfoll data. 3titic propeller data are reduced first to alr-
fcil data, then reconverted to propeller efflclancy as a function
of advance ratio for the purpose cf compuing the NACA 16-series
blade section with the Clark Y blade section.

A comparison of the efficiencies corquted.from static data
indicates that a propeller having 16-series sections may give
about three percent higher efficiency than a CWk Y propeUer
of similar bl.adoform, when the ble.desections operate at tip-
epeed ratios Gf about M = O.9 or M = 1.0, at relatively hi@
forward velocity. The propeller with Clark Y blade sections
appee&s to be superior to tlxatwith the 16-series seotions fo-r .
take-off and cliti.

. . .,
. . .

RWIKUUCTION
!..

.. ..
. . . . . . . . .. . 1

The tests described In this report constitute one ~ee of
an lnvestlgatl.cmdescribed h reference ,1to check.flight tests
mde for the puqdse M detezmlnln~ the relative merits of the. . .
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Clark Y m the lberiee sections. The tests vere made m
propellers operating under the condition of zero forward velocity.
Thrust and power were masured at various propeller tip speeds
and blade angle settings. The propellers used were two
Eemllto*amkrd three-bladed propellers identical In all
respmts exoept blade sections. One propeller embodied the
Clark Y blade secti~s, the other was nmde with the NACA
16-series sections.

AO the static teti conditions can not be UIliversalu
representative of conditlms of application, the absolute velwe

obtalred from these tests am not highly significant. The
results, hauever, can be wry useful for making qualitative
compariso~ of propeUers tested under identical conditions.

The purpose of this investigation wae to detemlne the
relative remits of the ClazzkY propoller sectIons and the
If/MAl&eriee sections at various propeller tip speeds. Ths
propellers are ccmpared on the basis of a static thrust-power
figure of mrlt. As a further analysis, use Is mado of Driggss
Slmpllfied Propeller Calculations, reference 2, for reducing the
propeller characteristics to quasi airfoil characteristics. The
airfoil polhrs so obtained are then reconverted into the propeller
envelope efficiency as a function aP the advance ratio.

This investigation was made at the request of the Bureau
of.AeronautIcs, Navy Dep*nt. The testing was dane on the
statio test equlpmnt of the propelk~msearch section of the
National.Advisory Committee for Aeronautics at Iangley Field,
Virglnla.

DEWXITTIOH OF APPARATUS

Test ri&.- The static propeller test rig used in this
Investigation, located out+oors, was essentially the eatw as
that described In reference 3. The ma~or difference in the
set-up is that for the present tests an ai~ooled radial
enghe furnished the motive power. ThiH engine required a
nacelle lar~r than that used in the earlier teats and of
s-what different sham. A photograph of the set-up Is
shown In figure 1, and a schematic diagram In figure 2.

m @ nacelle.- In this series of tests the propeller
was driven %y a Pratt and Whitney R-13& radial air-cooled
engine. The power rating of this engine is 550 horsepower
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at 2100 rpu. The m“ller ‘km drlmm dlreotly at engine crank
shaft speed @ at lqr M.@@ angles ma turned w to 2300 rm.
The rotational speed of tM “engineand propeller was mamfid .
with a oondenser taohcmwter which waa not in error by more ,
than *1/2 peroent, abure I.Cl@rpm.

. .

The engine cowl~elle ccmibinatkn - ‘arrangedto give
m good cool- a8 wag conrpatlblswith relatlvd.y lW Impedanoe
to the propeller sllp-ream.

\
?ropell.ers .- Twu three-bladed Hamilton~ propellers

differing only In blade sectIcm were investlgated. The propeller .
dmigaated by drawing number 625g.Ad8was ads wfth”blado sections
having the IUdX l&ertes ~rfoil proftles, Thsse sections,
described In referenoe h, have @atlvely sharp lead- -
trailing e~s, and have maximum thiclmeas at the mid+hord
Sbation. They are designed to work efficiently at high s~ed
by dslayi~ the compnsaibllity stall, The propeller identified
by drawing n@er 6267A--18had conventional Clark Y Fropeller
Sections. The blade form otis for both prqkillers are ehown
in figure 3. Blade sections at the 0.”/0R are shown In figure h.
The section at the 0.70 R station rather than that at the 0.75 R “
was chosen because of the slgnlflcanoe of the 0.70 R station in
DrlggsQ method of propeller anal~sis.

Tlm!s

Eaoh teat wae made at one blade engle mttlng. Beginning
at about 6U0 rpm, the net thrust, torque, end propller
rotational speed wm% measured simultaneously at VWIOUS Intervals
until the highest speed obtainable under 2300 rpm wse reaohed.
Roadinge wen taken at speed Intervals of about 100 rpm at low
e~eds, and at muoh smaller Intervals near the top speed. Each
propeller was tested at a series of blade angles from 0° to 20°
by intervals of approximately two degrees. The blade -e was
meaeured at the three-quarters mdlue. Before and after each
run the wind mlooity was mmsured with an snspter. Tests
were made only when the wind velocity was lees than five miles
per hour.
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REsmm . .
C!Oefflolemtsand symbols “ ..

. . ...

The results of the statio propeller teats.are presented
In,terms of oonmen%icz@ ca?fficients. ., ..

Te=T-~, effective thrust,

.
.. . . .

po’?andB

T, tension in propeller shaft, pounh

m, the force exez-te~by tti propeller slipstream an the
i?acelleand Strdts, pOUUIS .

p=2fin Q, engine power, foot poundF per second

Q, engine torque, pound-feet

p, maac densfty OP air, slugs per cubic foot

n, propeller rotational speed, revoltiims per

..D=2R, propelJer dlamter, feet

R, *pller tip radius, feet

,. ~$p; atatlo thrust figure of merit

M=

G,

J=

v,

fln D tip +peed rat10
.C ‘

spokd of sound Sn air,”feet per second

1’/’92, advance ratio

air speed, fed per second

~ J.,
Cp propeller efficiency

second

-.



qml/2plF, dynamla
.,. ,. ...

L, ‘lti, POU&&l - -

5

prewmre, poumls per square foot

D, sprofQe drag, pouuaa

s, area, square feet

CL. A-, llft coefficient
qs

.,

%)=A’ profile drag meffioient
qs

Table 1

Deeoriptton of the F@ures

1. Photograph, statio propeller test rig.

2. Dla@em of stat10 thrust

3. Blade form curves.

1}. Propeller blade sections

and torqlm Set+p ●

at the O.~ R. “

~. Variation of static thrust and powsr
ratio and blads angle.

K8. ~atic propeller cheracteristica as
-= , ‘.

with tip-speed

f&ctlons of “blade

. .
lg+l. Comparisons of staticthrust flgurds or mrlt.

.... 22. Lift”end Wag coefficients camputed frcm statlo
PV~eT cmtsrlatlcs. “.,

23424. Ewe+ope efflciencies o~ut?.U by Driggst retlmd.
..

. .
. ...”.

. . .

. .. .
:. ,.

,.. . . . .
,,

. . . . . . .

“..:.
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DIscmsIoN

In this series of statio propeller
comparing the Clark Y a~rfoil propeller
MA(2A16-i3eriessection, the i~pendent

.“

test13,made for
section with the
variables used wqre

blah angle and propeller.rotational speed. Blade angle was
fixed for each test, hewe c-s In prcqpller oharacteriatics
during a run must be @trihutable only to changing propeller
rotational speed. At least three factors which afPect the
behavior of the propeller blade airfoil sections am functions
of the rotational speed. Of fiist Importance Is the Increase
with tip-speed ratio of the Mach nuniberat whioh the blade
sections work, and the changes in blade section airfoil
characteristics with Mach ntmber. A secondary effect of
imrease in rotational speed 1s an Increase in the Reynolds
number at which the blqde sections work. .A third factor, of
unknown infl~nce, is the tendency of the propeller blade to
discard by centrlfu@ fprce the retarded air composing the
boundary layer. Both of.the latter tm factors have a bene-
ficial Influence on tlieperformancee of the blade sections. “
Even at a tip-speed muqh below that for normal opereti~n
most of the pro~ller sections work at values of the

.

Reynolds nuuibergreater than the critfcal; hence, as the
Reynolds number is Increased blade section profile drag “
coefficient is reduced and maxlmup lift coefficient is tireased.
The effect of centrifugal force onthe air In the boundary layer
may sot to .remve lt, which would have the effect of delaying
the normal stall.

Apparently the only adverse effect accompanyl~ high
propeller tip sped Is due to the behavior of airfoils in
ccompressiblefluw as the air speed approaches the velocIty
of sound. Wln&tunnel tests, reference 5, have shown that
both the lift and drag coefficients of an airfoil Increase’
with increasing Mach nuniberuntil a critical.value Is reached.
This value is believed to be reached when the locel air
velcnity at some point on the airfoil is equal.to the velocity
of sound. As the Mach number Is Inoreased beyond the critical
value the llft coefficient decreases while the drag cwfficient
Increases more rapidly than It does at subcritical values ot’
the Mach nuuiber. only the rwt influence of the several factors
Is measured by static propeller tests. Therafore, the adverse
effect of alr compressibility on blade section behavior at hl@
tip speed, being partially offset by beneficial factora, is not
as fully discernible from stattc propeller tests as from wlnd-
tunnel tests on airfoils.



Uhlle the tests mm
Fun’that,* “@araam’ ‘d
wm~er .b@ .ti 4an@ froma roar td q pgimzdmting note at --
about 1800 ~. .The.propeller dlamter was ten feet. .Th19 may .
indicate that .t~ @rst shcwk tiwq ~ set up at t@ propelley. I
tips at 8 tip speed rqt~ciof alkmt M = O.%. The regl~ of the “’. .’.
~~er b- tip PI@UOII18 i “q wave SPrSd@ IMU@IY es. }.”.
the tip ~e~+~tlo lxv3~aSes. Sldoe ths hl@est vaus bf.tlU3-
tip-a~ed ratio Obt~a ,Inthbee”+aits was. M = ,1.05, onlymass“ ‘ .:
❑eotlonaat rad$t @y@er “thanO.~ R were ,wor~ at a va3ue.
of Mach ~wber greatm.thdn M = O.&. The effentof oompresal- “
bility indioated In the figures was produoe(lin moat cases by a
relatively small outer portion of the prop~er blades. ‘ “.

T@ basic pltoh diatrlbuticm for.the propeUer bladee .“
eubjeot to these tests was 3Q0 at the thrs~uemters radius..
This pitch dlstrlbutlon till give highest propeller effIcienoies
within a ~ of advanoe ratio between J = 1.3 and J = 2.”0’.
This hl@ basio pitch distribution dose not lend itself well
to stat~o prope~er testB because of the great difference”In
angles of attaok of the tnbtad seotians from those of the
tip sections. A ht@ baalc pitch dlstrlbutlon results In a.
teMenoy for a.propelles in static tests to yield less thrust
for a given power than @ similar propel~r with less blade
twlEt. It’is this faot which discredits the propeller polars
- efflcianoy curves cmuputed by-the slngh+polnt mthod from

.. .

th results of static tests, and conflnee their uqefyl.neesto “ . ‘
qualitative c-sons.

. .

The vsrlatlon of stat~ thm&t ooeffioie~,s with ti~peed
ratio shown in figures 5 and 6 vefifiee the reswlts of titi-ttil -.
tests on +Wolls ~ The inoreas@g static.thrust coefficient with
lnoreaslng ti~ed ratio.indicates that, when”blade seotlons .
rmar the tip jmq,worktug A positive lift, the llft ooeffiuients
Inoreass with XrQaslng l&oh nimber up to a certain point. I%e - . . i

.

luuer rate of Inorease of the static thrust coefficient as tlp-
speed ratlo~ a&roach .unltyindioate k decrease of the l~ft z.
coefficlemts of tiotl~ mar the blade tlp as tha &ch nmiber
at which they ~mte approaches.unity. The rapid.rles of the
static thrust coefficients with Smoreaelng tlp+apeed ratio “
pmduoed at thp high blade englee even at low values of the
tlp+psed ratio may be attributable to Reynolds nwnbsr effeot
ard to the benefluial aotion of centrifu@ fozy? in 4&owlhg “
off dead @ frcm ~ stalled regtdn’of the pr@.ler. : “..

. .. ‘
. .

. .

.

. . . ,.

The v@ation of static
r

‘ r ooefflc.ient~th tip+e~d’
‘..

ratio,~ 111fips 7 and also agreek~th ‘wlnd4nmnel . . ~ . : ‘“.
tests on alrfolls. The sli@t’decm3ss of ths statio power
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tmeffidlents” tith increasingtt~ natio at low valms of
the tl~p6M rat%o maybe ~due to decreasing drag mefflcietis
of the blade section with immewlng Reynolds number, For the “.
blade aettlnge which yield positive Mft near ~ tip, the
gradually”Increasing puuer coefficients at ti~d ratios of .
about M = 0.7 or M = ().8 agdn Indicate- the Increase of
lift and drag coefficients of airfoils workiqg at Ma6h nmber6
below the critical. The sharper rise of the power coefficlents,
for all blade settings; as the tip-speed ratio approaches ianlty..
is comparable to the mpid fncrsase of airfoil drag coefficients
aB”~ Mbch nuuber approaches unity: .

4.

Figures 9“to ~8, inclusive, ~ CPOS13Plots of fi~~ 5
through 8 at tip-speed ratios of M = 0.5, 0.7, 0.9, 1.0, and “1.1.
The static thrwb and power coefficients and static thrust figure
of merit are shown as functions of blade angle at the three-
quarters “radius. The fact that the static thrust figures.of
numit for the 16series sections reachmaximaat slightly higher
blade.anghs tluulthe Clark Y sections may be accounted for by
the higher.a@e of Kro lift for the l&serles sectians.

.. . .

The relative remits “ofthe two propeller sections may”be “
shown best by cwrparlson of properties lndepndent of blade +.
Figures”19 through’21 pnsent mmparlsqus of.the static thrust
flgmed of mrit of the C1.srkY and 16+eries sections pl~@d .
agalhst power coeffIclent at values of the ti~ed ratio of .
M = 0.5, 0.7, 0.9, 1.0, and 1.1. These CkrtS show that in
general the l&serles sections am superior to tQe Clark Y
sectIons over a llmited rsn@ of operation. Inasmuch as the
l~rieb stietions*N specifloally desi.gmd to operate
e~fIclently at”hd@ speed the”extent of their superiorlyy shown
by-t&ese btktIc tests 1s disappointi.nglysmall.. For both
sections the valws. of the figure-of Writ reach a maxlmmn.at .
a tl~ed ratio between M = 0.7 and M’= 0.9; hence, a.
propeller ml@t W expected to operate most effic$autly at a .,:
tip speed ratio of M = O.9 w slightly lees. Figure 19 shows
that there is almost no ‘choicebstueen the sections at M = 0.9
- M = 0.7; the l&erles section appears better tlpmugh a
small“raugeat low values of the power coe~fIcient, @ t~
Clark Y sli@tly. superidr for all higher vaues of the power “
coefficient.

. .

The comparison of static thrust figures of merit in “
figure 20 .1smom favorable to the 16+eries, seot~oq. At M = 0.9
the val.pesof the static thrust ftgure of rmrlt for the l($+sries
sectlcb e~eed those for the Clerk Y section by an ‘awra@ of
about four percent over a canparatively lar~ .- of ~.uqs

:.
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thrust -f igku+ “of rfngrltneoestilly tiecreadrjs’ as ‘the ad+,niie.- ‘ “,
ratio “Moreaesa ;’“Sf the”ZWlatlVe-Valtae id%hd ‘%hr@””fl@qbh”
of nugritof the two seotlone do “not chhnge with “advailobivltio,”““’
about three peroent grsateu efflclenoy may be e~qted of a
propd~i? “eticiiyt5gthe l&eer$es eeotloiisthan”*“- q.
with.Cl&k Y secti”t@s,when tha @+ue of tl~& ratio I? 010~
to M = 0..9or M”=ml.O. b static tdetw the”axlslcVelbol’ty -
throu@ the propd~er is ~latlvely small. When h propeller is
In aotual operation advano@g at s normal hl~ speed, the blade
section fisultant veloolty of rotation and advan6e-1s conelderably
higher than.th veloolty due to rtiattlonalone and c~quefily
the regibn of the propeller tip suffering a cmpresslchal 10ss

extends considerably farthi3r’tilxmrd. Tile~rcpeller loaeesat “
hi@ tip+peed ratios indicated by static tests till .mxt”likely;
be exceeded In flight. “ . ““

Tlw e’ta~iothrust”flguree of mm?lt”presented in figure’21
I.ndloatelittle ditfetiaoe between U-e behavior of the two
sections at a tlpspeed ratio of M = 1.L Shoe all of thq values
at M =-1:1 tire obt@ed. by e~rapolation, t~ compabhnl “at
this tip speed rafitois nab conoluqlve.“

“.

The -Ilfl and drag’coefflolentp.cauputed by the method given”
In rdftirhoe 2 f’rcxnstatic@repeller”ctiter$stlcs ~ presented
A9 ~ola&kl‘tn flgw% 22.: These of ndcedsity yield the sem
InfoMat*on 8S‘tiid~static hhrilstfigure of Mrit co@parlsons, “
thou@ IU a more easily Interpretable form,” This ~th~ ‘of
P~ur b= Seetla analysis ~gaxils t% propeller as an
aifioll iict~ kt the ~v@n4enths raditi’statlcm. F6r both
sectioil&m Valize..bfminlmud dr~ cbefffcfent doks not change -
much betwben titeib.6f’tip-speed ratio’bf M + 0.5 .to M-= 0.9.
The drag.ooefflctezihsln&eas& rapfdl# ylth ti&speed ratio when
the~’valwd exoeed M.= 0.9. Maxfmlu lift Cdefficiqn+decreases
cxni%im- .fodloth”dectt6ne as thd ti~pbed rdfii6inozwasqs.
The dial+ot e~l~ stall of~the~l~ries section ~ ,~lcates
the s~rlority uhder‘hdavyloe.dl~.-f ~. Clark.Y ~ckions which
attain.’hi~r. llf~-cdefftdlezits~@hd.et+ tire gra@lly. ” This
leads dlreotly to ths .CbIdX4fJi~ that the C@k Y ~~~Or is
Mapeklti-o thiil&#6ries’~ropelZer iiur~”.tab-o-. Thi6 is In

.—.- -—.. . --- .. - -
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~W-k with th+rfM3Uh of. ti+tutmel te6ts Y,WpOFt6(i in
referenqe 12 “Tk. *crmiticm obtaiml In the winiLAnmel at “
lou vklms 6f.the timed rat30with re~ to prqj+ller
6@11.d@ng ;take-offappamrbly holdsfor all Mi@er ve+lues

.-ti t+e,tl~ed ratio. These polara do.not mepreeeritabsolute
vdas .ofthe airfoil’characteristics, but & chiefly for the

PW~~f &~”.@ Clark Y end 16-eeries propeller
mumelly Uqs milues bf the drag ccefficlents

el&mb7 these @are may be due bath to .@e high pitch “
diatrtbutiti of the propellers end to lar~ 14pedance to the
propeller slipstream by the cowling @ naqelle. .

The propeller polars shown in figure 22 have been used in
applying Dri&e’ m@md for oomputing pzqaUer eff tclencies.
Since the polare show oply zelative values, the computed .
efficiency curves Mkewim can show only relatfve values.
The absolute.values Ihdlcated near maximum efficlenoy are about
ten petient lwer than those obtained in witi+unnel tests
bn the m ptillers with a well stremilimd body, refe-
ence 1. Flgu&s 23 d 24 are compm?leons of the computed
envelope efflciency curves of two propellers Identical in all
respects except blade sect@n. The ~s-d power available
id that which may be obtained from a Pratt and Whitney R-2800
engimO with the propller geared to operate at cm-half engim
speed. In these computatlo~ the actual propeller tip-epeed
ratio was used rather than rotational ti~peed ratio.

Hguz% 23 presents relative efficiencies at sea level.
Duetothclcwlm?uimm lift coefficients obtainable with the
16+erles sectims, the Clark Y propeller Is superior at the
very lW valuea of advance,mt~o encountered at take+ff. At
high valws of the advance ratio when the blab sections work
at lower lift coefficients smd where the effect of compressibility
beo~g noticeable the propeller having l&eeries sectionS is
slt~tly more efficient. . .

A co3QEu’isonsimilar to that Just made Igl Shuun in figure 2h

fcm t@ oonditias obtainable @ an altitude of 19,~ feet.
Simce air temperature Lecmases with Incnasing altltude, the
acouatlc velcclty also dec?%aees and conseqmntly ti~pesd ..
ratios increase. True .tlp qpeeds alao increase with altitude
dn to the higher forward s~eds obtainable. Ccaputatians show
that the p-openers of airplanm now In ut)eat him altitude
may be operating at tlp-epeed ratios of M = 1.2 or hi@er.
The lwer pair of curves @ figure.24.chows a cagmrison of. “
~Mrs having 16-series sectlcinsend Cl-k Y eectims
Cpez%ting at t= tl~psed ~tios, The Clark Y p%opelZer is .

.
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still Superior qt lfm WQW3S.@ 17b@.,eAllm@e-As4qdtm to -the#mu
valwEl of @xhllw Ml+ i3u@fiA.@4 d.i@xnlb&3vita tpe M+m?ies.

‘ ebction& -‘.Athl@Pr ‘WwST of”the-@f’anoq.mtio,q=, -.whwe
tlm blade eeationgbpemte at lauer i~”. &x@ic~n@ * 16+e&s
seotlans ehou their hrpbriority.- For the exsmple taken the
~llqr m=~s at a tl~cl ratio of M = l.Ci” when the “ ‘“
Vd~ of the qdvawe rqtto1s J,=.1.5. At this poifi, M = l=OD :
whe& * data obta~~ in tlxsnwtests arq .fairti‘reliable,~ ..
16+eries seotfcms show up fhyc&bly, yielding a propeller
effiolo~y about three peroent I@b3r than can be obtaimd with -
th ClarkY sections● At hlghq.va3wm of thq ad-e ~tioj .
wherethe ti~peed ratio M es hi~ as 1.2,.@e .qqytatbns .
depended upcm extzapolatim comslderably beycd tlm mn~ of -
test d@a ami EUISthezefam” not reliable for o~ t&e two”
sections. Use of this extrapolated data, however, gives a fair
itiication of tti trmxl of the propeller efflolemy at hi@
vslma & ttp-speed ratio ~ advanoe ratio. The two upper
curves in figure 24 were obtained by computations Identical with
those by which the lower oumee were obtained exoopt that the
P~ller PO1-S for a tlp+peed ratio of M = 0.5 wereused.
Tbw curves show wlmt relative propeller effioienoies could
be obtained if there were no lose dw to compressibility. The
differences between the curves for a tips-peed ratio of M = 0.5
~ the ourv’esfor the trw ti~peed ratios indicate roughly
the compressibility 10SS.

..
REM&El .

1. Both propellers*VS highetivalwe of the static “
thrustfigwm of ~rit at a timed ratio bet~en M = 0.7
d M = 0.9; he-, in flight ~~st efficie~ ~ w
erpeoted in W saw range of tip+~ed ratios~

2. ~mr effIoienoy at high speed oauputed ~ these
static propellerdata iMt6ates-that”at ti~peed ratiosdose
to M E O.9 the prqmller having lkries sections yioldp about
three pemeti higherpeak efflolemy than the propellerenibo@ng
Clxirk Y sections.

1 ,..

3● The~llor having 16+eri& blade secti&s *6 fou&l
to stallat luwervaluesof the lift meffioiexrtthan.did tJw
ClarkY p’iropeller at all Valuesof the tlp+peed rritla.:This
agrees with l~ed ~+unnel testswhioh Imiicatethe
s~riority of the Clark Y ~ller for take—offalxlGlimb’.
On the basis at tlw~ statio tests the superiority M the Clark Y
;~o~ for t~f - climb holds for ti tiWS of ti~d

...
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h. It Im%o%e &led6too& that thp @noluslcme xwohmi
fram.the”titestswith m- to thL916-eerlessmtlms apply
dy. to aec~ionadeslguedto opqratemoat effeotlvely at lift
coefficients between CL = 0.40 .~ CL = Ox.

“” i. It”Is pro%able that better talm-off and climb meration
could be obtained from a l&serles pl’ppellerdesigned to operate
best at higher values of the lift coefficient than those for
which tlw suWJect propeller was designed.

6. Redesign of the I&series propeller with greater blade
area and for.hl@or ti~peeds ml@t prduce a propeller with
muoh better t*ff charaoterlstics with little eaorifice of
efficlenoy at htgh speed.

Langley Memorial Aaronauticsl Laboratory,
Nattonal Advisory Comittee for Aeronautics,

~ey Field, Va., Au@St 28, 1941. “.
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Figure 1.- Staticpropeller test rig.
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